This paper aims to study both fresh and mechanical properties of lightweight concrete (LWC) incorporating expanded polystyrene foam (EPS) beads as a lightweight aggregates (LWA). Various mixtures of EPS foamed concrete are produced by partial replacing normal aggregates by 0%, 15%, 25% and 50% of EPS foam beads by volume. In EPS foamed concrete the ordinary Portland cement (OPC) was replaced by silica fume (SF) with different ratios 0%, 5%, 10 and 15% by weight. Sixteen mixtures are prepared to investigate the properties of EPS foamed concrete. The tests program includes determination of fresh density, slump, compacting factor, compressive strength, splitting tensile strength, flexural strength and modulus of elasticity. Generally, using of EPS beads in concrete decreases its mechanical properties, although the workability improvement. On the other hand, replacing the OPC with SF improves mechanical properties of EPS foamed concrete. This improvement continues to the percentage of 10% and ultimate improvement at the ratio of 5%. Modulus of elasticity improves in EPS foamed concrete with SF content till 25% EPS foam. The workability of EPS foamed concrete decreases with the increasing of SF ratios.
INTRODUCTION
Using alternative affordable and sustainable products is a trend already well-established among the research community worldwide [1] . According to Bouvard et al. [2] , the interest in LWC to decrease the volume of load-bearing elements and get better properties comparing with conventional concrete. In general, lightweight aggregates are broadly classified into two types: natural (e.g., pumice, diatomite, volcanic cinder) and artificial (e.g., perlite, clay, sintered fly ash, expanded shale). Polystyrene beads are a widely used aggregate that can be easily incorporated into concrete or mortar to produce lightweight concrete with a wide range of densities [3] . EPS foams have a cellular microstructure with closed cell membranes made of expandable polystyrene (EPS) and its density is typically less than 50 kg/m 3 [4] . Recently applications of EPS lightweight concrete include cladding panels, curtain walls, composite flooring systems, load-bearing concrete blocks, sub-base material for pavements, and floating marine structures, as well as impact-resistant structural protection layers, because of the good energy-absorbing characteristics of LWC [5] . Schackow et al. (2014) [6] reported that the EPS lightweight concrete has the advantage that the EPS particles that can be derived from recycling, do not absorb water as vermiculite does. It is suitable for developing concretes for both structural and non-structural applications by varying its volume percentage in mortar or concrete [7] . On the other hand, most of researches found during this study shows that an increase in EPS foam content will lead to a decrease in the compressive strength and other mechanical properties of concrete [9-11]. The improvement in the workability of fresh concrete increases with increasing foam content [5, 12] . Silica fume (SF) is a very fine non crystalline silica produced in electric furnaces ACI 116R [13] . SF is well known to improve the mechanical characteristics of concrete, the principal physical of its effect on concrete is being a filler which efficiently reduces permeability and adversely reduces the PH value [14, 15] . Fresh concrete containing SF is more cohesive and less prone to segregation than concrete without it and the water demand for concrete containing SF increases with increasing amounts of silica, due to the high surface area of SF [16] . In this paper, the main objective was to provide some basic information about the mechanical and fresh properties of EPS lightweight concrete. Also the effect of SF on EPS concrete was investigated.
EXPERIMENTAL STUDY

Materials
The materials used in this work were ordinary Portland cement (OPC), fine aggregate, coarse aggregate, EPS foam beads and silica fume powder (SF).The physical properties of cement is confirming with ASTM C150 [17] Type I. The normal weight fine aggregate used was river sand with a fineness modulus and specific gravity of 2.2 and 2.6 respectively; while the used coarse aggregate was crushed stone (basalt) with a maximum particle size of 19 mm and 2.72 specific gravity. The EPS foam properties are defined as shown in Table 1 . The mean particle size of SF was 0.1 µm and its bulk density was defined as 300 Kg/m 3 . The mineralogical composition of OPC and SF are listed in Table 2 . 
Mix Proportions
The mix composition of the investigated mixes is seen in Mixing was performed in a horizontal pan mixer of 50 liter capacity in the laboratory. The mixing of materials was done in a specific sequence, by placing a part of the water in the mixture and adding the dry EPS aggregates, which was thoroughly mixed for about 5 min to get the aggregates wetted with water. Then, the remaining materials were added to the mixer and the remaining water was gradually added while the mixing was in progress. The mixing was continued until a mix of uniform consistency was achieved. They were removed from the molds 24 h after casting. Once removed from the molds, all of the specimens were moved to moist curing tank in the lab that meet the ASTM C511 [19] standards, where they remained undisturbed for the remainder of the curing process under constant temperature 24 ºC.
Experimental Procedure
The fresh concrete densities, slump and compacting factor values were measured immediately after mixing for all the concretes according to ECP 203, ASTM C138 and ASTM C143 respectively [18,20,21]. The concrete specimens were cast in steel molds, followed immediately by curing at room temperature for 24 h before being demolded. After demolding, the specimens were stored in a control room maintained at 24 1 ºC and 95% RH, and stored in water for curing until testing. The test specimens were cast with hand compaction only. The density of hardened EPS concrete test was conducted in accordance with ASTM C567 [22] at the age of 7 and 28 days. The compressive strength of hardened EPS lightweight concretes was measured on cube specimens (150 mm x 150 mm x150 mm) at the age of 7 and 28 days, at a loading rate of 2.5 kN/s according to ASTM C39 [23] ; also moduli of elasticity was calculated on the same cube specimens at the age of 28 days, as per ASTM C469 [24] . Cylindrical samples of 150 mm diameter and 300 mm height were cast to study the splitting tensile strength behavior, which carried out in accordance with ASTM C496 [25] at the 7 and 28 days age. The two point load flexural strength test was conducted according to ASTM C78 [26] at the age of 28 days using 150 mm x 150mm x 750mm prisms. Table 4 . On other hand, replacing SF by 10% and 15% percentages reduces the density of fresh EPS concrete. 
Workability
The consistency of fresh concrete is evaluated in terms of the slump test. The values of the test ranged between 20 mm to 59 mm. The increasing of EPS ratio increases the slump of the fresh LWC as plotted in Figure 1 . These results is in agreement with [11,27,28]. The increasing of the workability is occurred due to the decreasing of the bulk density of the EPS concrete while the volume of the cement paste increasing. In addition, small spherical bubbles in the foam act like ball bearings, thereby ''lubricating'' the paste and improving the workability; the results are in agreement with Chen and Liu [5] . As the EPS ratio increases, the slump of the fresh EPS concrete increases. The slump improvement ranges from 40% to 195% at EPS foam content from 15% to 50% respectively. Using large quantities of SF in EPS foam concrete in (10% and 15%) decreases the slump value. Slump results show that, the increasing of SF percentages decrease the slump value in normal density concrete (NDC). The 5% SF percentage improves the slump in EPS foamed concrete. While, the slump value of 10% and 15% SF decreases, but the values still higher than reference mix at replacing the aggregates with 25% EPS foam or more. The increasing EPS foam in LWC with SF increases the slump value in most percentages, except 15% EPS foam with 10% SF and 50% EPS foam with 15% SF, as shown in Figure 1 . On other hand, the increase of the percentage of SF in EPS concrete reduces the compacting factor for most mixtures, except which contains 10% SF and 25% EPS foam. 
Mechanical Properties 4.2.1 Hardened Density
Density is one of the important parameters, which can control many properties in lightweight concrete and it is mainly controlled by the amount and density of lightweight aggregate [9] . It can be observed from Table 5 that, for most of the specimens, the early age hardened densities of EPS concrete (7 days) are higher than later age densities (28 days); this result in agreement with the relation utilized by Holm [29] .
Compressive Strength
The compressive strength of 7 and 28 days results are presented in Table 5 and Figure 2 . The data shows that there are a systematic nonlinear decrease in the compressive strength as the EPS foam content is increased. The highest decrement is (78.8%) for E50S0 mixture at 7 days, while at the age of 28 days the highest decrement ratio in average compressive strength (80.4%) for the same mixture. The compressive strength increases with using SF in NDC as per ACI 234R-06 [16] . Figure 2 indicates that, the 10% percentage of SF gives the maximum compressive strength in NDC. On the other hand, the maximum improvement in EPS concrete occurred at the ratio of 5% SF. The good effect of SF on the EPS foamed concrete compressive strength continuous till 25% EPS foam. While, the higher percentage of SF (15%) decreases the compressive strength in EPS foam concrete for most specimens. 
Tensile Strength
The tensile strength increases with the increase of SF in NDC; while the EPS foamed concrete tensile strength decreased with the increase of EPS foam ratio. Table 5 presents the results for early and late ages splitting tensile strength. The percentage of decrement in splitting tensile strength is less than the decrement in compressive strength at the same ages. The decrement of EPS concrete splitting tensile strength in early ages (7 days) is more than the late ages (28 days) that for the all test specimens. The difference of tensile strength decrement between early and late ages is significantly high in LWC with lower amount of EPS foam (15% and 25%), while the difference is low with high EPS foam percentage (50%). It is clear from Figure 3 that, the optimum improvement in splitting tensile strength occurs at mixture E0S10 in NDC. On the other hand, the optimum improvement is developed with mixtures E15S5 and E25S5 and E50S5 for EPS foamed concrete. The improvement of tensile strength with SF in EPS foamed concrete is continued till 25% EPS foam content, after that no more improvement appears with SF percentages. 
Flexural Strength
The modulus of rupture was found to share a similar relationship with EPS foam content as other mechanical properties as presented in table 5. The value of modulus of rupture systematically decreased nonlinearly as the EPS foam content increased from 0% to 50%. At higher levels of replacing EPS foam (25% and 50%) the decrement in flexural strength is higher than tensile strength but lower than compressive strength Table 5 . Flexural strength increased with adding SF in NDC such as other mechanical properties. Figure 4 indicates that, the flexural strength improves with the ratio of 10% SF only in NDC. Otherwise, the SF doesn't improve the flexural strength in EPS foamed concrete. For the control specimens and the specimens of lower EPS foam contents, the cracks and splitting occurred at a rate that was too fast to observe. For specimens with an EPS foam content of 50% the crack propagation could be observed as it extended from the bottom face of the beam until the test ended due to the failure criteria without splitting Photo 1. 
Modulus Of Elasticity
From Table 5 the value of Elasticity is decreasing with the EPS foam percentage increasing. The highest decrement is obtained at EPS 50% mixture with ratio of 74% for specimen E50S0. It is clear from Figure 5 that, SF with ratios 5% and 10% enhances the EPS foamed concrete modulus of elasticity until the ratios of 25% and 15% EPS foam respectively. The optimum percentage of SF that improves EPS concrete is 5%. On other hand, the ratio 15% SF doesn't improve the EPS foamed concrete modulus of elasticity. It is observed that, in contrast to NDC, the failure modes of all EPS foamed concrete percentages are gradual in different levels (Photo 2), and the specimens are capable of retaining the load after failure without full fragmentation. The gradual failure in EPS foamed concrete is mainly attributed to the good energy-absorbing quality of the EPS beads. It could be said that, the EPS foam concrete is high efficient at energy absorption capacity under compressive load. Similar results were obtained by [5,30]. 
CONCLUSIONS
In this study, the effect of foam and SF content on the properties of EPS foamed concrete was investigated, and the results can be summarized as follows: -Fresh EPS concrete density decreases with increasing ratio of EPS. The high amount of SF in EPS concrete reduces the fresh concrete density in all mixtures slightly. -All EPS foam concretes without any special bonding agents show good consistency and could be easily compacted. The 5% SF percentage improves the slump of EPS foamed concrete. The SF with ratios 10% and 15% enhances the EPS foamed concrete slump until the ratio of 25% EPS foam. -There is no remarkable changes on hardened EPS concrete density at age of 7 days or 28 days while using SF in EPS foamed concrete, except the 15% SF content it reduces the hardened concrete density slightly. -All mechanical properties studied have the same trend. It decreases with the increasing of EPS foam percentages in LWC. -Compressive strength decrement of EPS foamed concrete at the age of 7 days is less than that at the age of 28 days. -The difference of tensile strength decrement between early and late ages is significantly high in LWC with lower amount of EPS foam (15%and 25%), while the difference is low with high EPS foam percentages (50%).
-EPS foamed concrete with SF has ultimate percentage 5% that gives maximum compressive strength and splitting tensile strength values. The 10% percentage of SF has a good effect on compressive strength in EPS foamed concrete till 25% EPS foam. -The loss of flexural strength is noticeable at low levels of replaced EPS foam. At higher levels of replacing EPS foam the decrement in flexural strength is higher than tensile strength but lower than compressive strength. Flexural strength in EPS foamed concrete doesn't improve with the addition of SF. -Modulus of elasticity for EPS foamed concrete is directly proportional with the density of concrete. SF with ratios 5% and 10% enhances the EPS foamed concrete modulus of elasticity until the ratios of 25% and 15% EPS foam respectively. The optimum percentage of SF that improves EPS concrete is 5%.
